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ABSTRACT

	Esters are useful as drug intermediates, plasticizers, flavoring and fragrancing agents. These are prepared conventionally by reacting alcohols and fatty acids at moderately high temperature in the presence of different inorganic and acid catalysts such as tin, titanium, sulfuric acid, p-toluenesulphonic acid etc. However, processes based on such catalytic reactions suffer from disadvantages of harsh reaction conditions, difficulty in catalyst recovery etc. Lipase catalysed esterification reactions have now-a-days been shown to be advantageous from process point of view. furthermore, lipase can be effectively used to synthesize special types of esters which can be introduced as low volume high value added product in various industrial sectors. These reactions involve mild reaction conditions which saves energy, provide stereo and positional specificities and very high catalytic activity [1-3]. Lipases which are basically triacylglycerol acylhydrolases (EC 3.1.1.3), are also known to catalyze reverse reaction of hydrolysis in organic solvent by direct esterification and interesterification (ester-ester interchange). In order to exploit the principle of  lipase catalysed esterification and transesterification reactions for practical applications, the knowledge on solvent effect as well as reaction kinetics is very much useful. However, such information is very scanty in literature except for a limited cases [4-9]. In view of this, a comprehensive study on the solvent effect and kinetics of certain industrially important lipase catalysed esterification and transesterification reactions has been undertaken under the theme of the present thesis.
	the work presented in this thesis is divided into seven chapters. Chapter 1 deals with an introduction to the subject and review of the available processes for lipase catalysed reactions and a critical assessment of the same in technological perspectives. Chapter 2 deals with the effect of solvent on the esterification of oleic acid with ethanol catalysed by lipase from Porcine pancreas and a transesterification of 2-o-benzylglycerol with vinyl acetate catalysed by lipase from Pseudomonas cepacia. The intrinsic kinetic parameters estimated from experimental data using Ping Pong Bi Bi kinetic model has also been correlated well with solvent hydrophobicity providing insight to solvent effect. Chapter 3 provides a detail kinetic analysis leading to a better insight of the lipase mechanism in dispersed system for esterification of oleic acid with ethanol catalysed by Porcine pancreas lipase and transesterification of 2-o-benzylglycerol with vinyl acetate catalysed by lipase from Pseudomonas cepacia. 
	In chapter 4, a systematic study of kinetics of immobilized lipase from Pseudomonas cepacia  for transesterification of 2-o-benzylglycerol with vinyl acetate have been studied. Suitable kinetic models have been suggested for the reaction and validated from experimental data. The analysis also suggested that the present transesterification reaction conform to a Ping Pong Bi Bi mechanism. Chapter 5 deals with the deactivation study of immobilized lipase from Pseudomonas cepacia for the transesterification of 2-o-benzylglycerol with vinyl acetate. The deactivation of the immobilized lipase was attributed to high temperature, vinyl acetate concentration and added water in the reaction media. The results on deactivation kinetics of the immobilized lipase were interpreted with a suitable mathematical model and validated from experimental data. In chapter 6, pervaporation aided esterification reactions of various carboxylic acids with ethanol have been studied by using lipase from Porcine pancreas. Suitable mathematical models capable of describing the reaction  have also been developed for pervaporation coupled esterification reactions involving reaction-diffusion phenomenon. A simulation study  has also been made to validate the experimental data and it was found that an activity based model provides better fit of experimental data.
	Chapter 7 highlights the recommendation for further work to be carried out for expanding the knowledge on fundamental aspects of lipase catalysed esterification and transesterification reactions. The emphasis was laid on understanding the lipase activity towards synthesis of certain therapeutically important substances such as cardiovascular drug intermediates which are high value low volume product.





Studies on Solvent Effect
esterification reaction 

	Experiments  on  solvent  effect for esterification reaction were  carried  out  under optimised  reaction conditions with 25 mmol acid and 25  mmol alcohol  dissolved  in  50 ml of water saturated solvent. The lipase content of the reaction media  was  10  mg/ml.  Aliquots of sample were  drawn  periodically  and  analysed in a GC (Varian 3700 GC equipped with a FID) using a mixed  phase  4% OV101 + 6% OV210 coated on chromosorb  W  HP  80/100  mesh packed in a S.S. column (50 cm x 1/8  inch  ID). The solvents used were acetonitrile, acetone, dichloromethane, ethyl acetate, ethyl ether, chloroform, toluene, carbon tetrachloride, cyclohexane and hexane all of analytical grade. The  initial  rates  of  the  esterification reaction  were attempted  to correlate  with  such solvent   properties   as  hydrophobicity  (logP), water solubility (Sw), dielectric constant, electron  pair acceptance and donation index  (expressed as ETN + DNN ), polarizability etc. While significantly good linear correlations with logP and logSw were obtained, the correlations with the other properties were found to be inferior [6]. Probable explanation for such observation has been furnished based on thermodynamic considerations.

Transesterification Reaction

	For studying  the  solvent  effect of the present transesterification reaction,  50 mmol of  2-o-benzylglycerol,  100 mmol vinyl acetate, 10 mg of  lipase  PS  and  20 ml solvent were taken in an iodine flask and was  shaken reciprocally in an orbital shaker operated at 120 rpm  for about four hours. Aliquots of samples were drawn from the reaction  mixture at 30 minutes intervals. After dilution, the  samples  were analysed by GC. The alcohols and acetates were  isolated  from  the  reaction mixtures by column  chromatography  using  silica gel (60-120 mesh) and dichloromethane-ethyl acetate-n-hexane (42.5:15.0:42.5) as the solvent. The organic solvents used were dichloromethane, ethyl ether, 2-methyl-2-pentanol, isopropyl ether, chlorofom, benzene, toluene, carbon tetrachloride cyclohexane and hexane. The  optical purity of the compound in each solvent were determined by HPLC and the enantiomeric purity (S-isomer) was computed from the standard formula (S - R)/(S + R) x 100 %. Attempt was also made to correlate selectivity and enantiomeric excess with solvent properties as mentioned above. Selectivity was defined as the ratio of the percentage of monoester to that of diester formed in the reaction for a constant reaction time. The correlations with the pertinent solvent properties were found to be reasonable excepting deviation of only a few data points, and the most important property that could reliably predict the reaction parameters is the hydrophobicity. Polar solvent is most favored for the present transesterification reaction implying that the stereochemical behaviour of the lipase catalysed esterification and transesterification reaction can be fundamentally altered by properly selecting the solvent as discussed further in our publication [7]. The stereochemistry of the reaction seems to be influenced by a local solvent-enzyme interaction at the close vicinity of the active site instead of the change in the bulk conformation of the enzyme [10].

Kinetics and Mechanism
Esterification Reaction

	For esterification reaction, the kinetic experiments were carried out in a 250 ml round bottom flask in which the reaction mixture was agitated vigorously with a magnetic stirrer. The kinetic experiments were carried out using n-hexane as the only solvent since this was found to exhibit highest activity. The temperature, lipase and substrate concentrations were systematically varied in order to assess their effect on lipase activity. the kinetic analysis revealed that the reaction follows a Ping Pong  Bi Bi mechanism with ethanol inhibition when water saturated solvents were used. The water formed in the reaction is assumed to have no influence on the reaction rate as the rate measurements were made at reasonably low conversion. the amount of water formed corresponding to the conversion taken for calculation of initial rate was estimated to be within 3% of the water solubility value in the solvent. This increase of water content will not significantly change the water activity. It may therefore, be presumed that experiments conducted under such a condition of water activity control would provide meaningful interpretation of the solvent effect. In fact, the effect of water activity on lipase catalysed reactions has been  realized differently in different solvents and should be studied separately [11,12]. 

Transesterification Reaction

	The transesterification of 2-o-benzylglycerol with vinyl acetate catalysed by lipase from Pseudomonas cepacia is a two step reaction and there are no product inhibition as the byproduct vinyl alcohol tautomerises to form glyceraldehyde which is volatile [13]. For the first step reaction, the ternary complex as well as ping Pong Bi Bi models were considered for simulation purpose. The model parameters were estimated by nonlinear regression using suitable computer programs. the Ping Pong Bi Bi model provides better prediction of the experimental data when free and immobilized lipases were used. The second step reaction that gives the diester was simulated with the michaelis-Menten kinetics. The agreement between experimental and simulated results was found to be reasonably good [8]. 
	
Studies on Deactivation Kinetics 

	For studying the deactivation kinetics of the immobilized lipase, 50 mmol of 2-o-benzylglycerol and 100 mmol of vinyl acetate were mixed with 15  mg/ml of lipase in 10 ml solvent. The reaction mixture was equilibrated at 30oc in a closed glass reactor of 50 ml capacity and stirred  with a magnetic stirrer. The entire reactor assembly was placed over a magnetic plate by fitting the sealed reactor in a beaker where constant temperature water was circulated from a julabo thermostated water bath. This procedure was followed in all the experiments conducted at specified substrate concentration and temperature. The activity of immobilized lipase was found to be maximum in the temperature range of 30oc to 50oc and it  retained about one third of the initial activity upto the third cycle after repeated use. The immobilized lipase which had the activity three times greater than that of the free lipase was deactivated by both temperature and vinyl acetate. The deactivation was found to be insignificant upto a certain level of vinyl acetate concentration above which, however the lipase activity falls rapidly. A structural kinetic model based on series type of reaction was shown to provide excellent fit of experimental data and model parameters were estimated by non-linear regression analysis by performing the computation in a Pentium PC 40Xmax using a package written in FORTRAN [14].

PERVAPORATION AIDED ESTERIFICATION REACTION

	Esterification of carboxylic acids represent a significant group of the reactions commonly found in the chemical industry. The equilibrium conversion of such reactions under otherwise identical conditions of substrate and catalyst concentrations can be increased  by efficient in-situ removal of water which is an inhibitory side product.  Distillation is a commonly known technique for the removal of water, however azeotrope formation render it prohibitive for the design of an efficient process [15]. In order to avoid this problem, membrane separation can be considered as a viable alternative. The use of membranes to separate water as the side product in a reversible reaction is an effective method for preparing some esters. Various microporous membranes have been studied for separating gases from reaction product including small molecules such as hydrogen [16-19]. Reactions were carried out in an apparatus consisting of the circulation set up and the membrane module. The effect of lipase and substrate concentrations has been studied and the advantage of pervaporation on the equilibrium conversion has been deduced. The time versus concentration profiles were simulated from mathematical model developed to simultaneously describe the reaction-diffusion phenomenon [20]. The intrinsic kinetic constants of the model for all the reactions were estimated and correlated with the carbon number, an indicator of hydrophobicity of the acids. It was found that the rate constant increases with decrease in carbon number. The kinetic parameters as well as activity and concentration based equilibrium constants were determined by numerical method using computer program. the value of forward rate constant (kf), concentration based equilibrium constant (Kc) and activity based equilibrium constant (Ka) increased with decrease in hydrophobicity of different carboxylic acids. The water permeability is also well correlated with acid hydrophobicity. The efficiency of the pervaporation process is strongly related to the ratio of the membrane area to the volume (A/V) of the mixture. When the A/V value was low, the water removal was found to be too low and when this value is too high too much ethanol is removed indicating an optimum level of A/V that should be maintained for realising the optimum equilibrium conversion.
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